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[Abstract]  Objective To analyze the etiological characteristics, virulence genes and
plasmids that carrying diarrhea-causing Proteus mirabilis and to assess their relationship with drug
resistance and pathogenicity. Methods Proteus mirabilis coming from six different sources (food
poisoning, external environment and healthy people) were analyzed biochemically, on related
susceptibility and pulsed-field gel electrophoresis (PFGE). Virulence genes were detected by PCR.
Plasmids were extracted and sequenced after gel electrophoresis purification. Results The
biochemical characteristics of Proteus mirabilis from different sources seemed basically the same, and
each of them showed having common virulence genes, as ureC, rsmA, hpmA and zapA. However, the
PFGE patterns and susceptibility of these strains were different, so as the plasmids that they carried.
Plasmid that presented in the sequenced strain showed that the 2 683 bp length plasmid encodes gnrD
gene was associated with the quinolone resistance. Conclusion Etiological characteristics and
molecular characteristics of Proteus mirabilis gathered from different sources, were analyzed. Results
indicated that traditional biochemical analysis and common virulence gene identification might be able
to distinguish the strains with different sources. However, PFGE and plasmids analysis could
distinguish the sources of strains and to identify those plasmids that commonly carried by the
drug-resistant strains. These findings also provided theoretical basis for further study on the nature of
resistance and pathogenicity in Proteus mirabilis.
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1. #18k

(1) SEEGTRME : 6 bR AT S A8 T AT WAL 4 2 MRbr v
Bk (ATCC29906 F1 HI4320, i1 36 [F Michigan [ 2%
B ) Mobley 2L 21518 , 1573 25 [ R B GY 9 1) .2
R W43 55 bk (C05028 FI1C02011, 4351143 85 A
2002 451 2005 4F ZRIN T 79 262 £ ) v 2 191 1) 2
FAX 49 ) Ko 2t dt He AN RE S AP PR AR 140 15
Fk(B02005 F1C02034)

(2) FERFIFLES : PCR G h A= TAE W) T 4%
(L3 e 47 BRZS 145 5 10 X PCR buffer 22 i |
dNTP. rTaqg DNA 2 & [ . 100 bp DNA ladder,
Agarose Regular i H KiEF AW FR/A ], API20E
I 1 ¥ E BIOMERIEUX 73 A, K-B % 25 8045 711
Yz [E OXOID A H] . HAth 43 4% PCR AL MJ Research
{12k GEL DOC2000 %t % 1 14 7 4t . BioPhotometer
Ultrospec—2000 48 4M 1] UL 8 (A R 3 BT A L ik
A= W) Mg B 352 ) Densimat B8, 5~ B AY AR AR ik i
37 58 ¢ FiL Uk 2 48 CHEF DRIII 1 Minipore 4fi 7K 535 g
S

(D) A=A - FHAE Pitg LI 1 APT 20E 4 77 48
JE ST 6 MR AT AR T AT TR HEA T AR AL S 5, i FR U ]
FHRlE,

(2) 258055 >R F K-B 4C R ik 1 7 25 ) fglaksts
B EEU YA 17 b AR BT R KAy
PR ATCC25922, 15 TR R B2 0.5 1> 22 TR
AR IF W b 25 4R R e, BT 36 CIEE 24 h,
Z: I8 CLSI M100-S23 (2013 4E ) i i1 ik

(3) B SR - P Ay AR TEAT R D e
F200 pl KB 7K RS il /K3 5 min, 12 000 r/min
B0 5 min, W EIEWAE R PCREBNR . B4 2 4
SER DRSS P SRR R S RE R R e i 7]
(£ 1), PCR i BA RS 15 L. PCR I
N AR R R 25 pl, N AZE K 14 pl, BAR S pl,
10 X PCR ZZ #h i 2.5 ul, 3 mmol/L MgSO, 1 pl,
0.2 mmol/L dNTP 0.5 ul, 5 U/ul rTaq DNA R & Jif}
0.1 pl, ERIF514452.5 ul. 94 CHIAEYE 5 min; 35
GRS (94 CAEPE30 8,55 CiE k455,72 °C FEAi
455),72 CHEMH S min, PCR =4 110 V HiJK 30 min,
EB 445,30 min 5 544

R1 GRBIATHEE RN W)

HEEH 519 SIPFHIS ~3") 1474 (bp)

ureC  ureC-F GTATTCGTCGCGAAACCATT 553
ureC-R ~ ATATGACGACAGCCCTCCAC

rsmA  rsmA-F TAGCGAGTGTTGACGAGTGG 562
rsmA-R  AGCGAGGTGAAGAACGAGAA

hpmA  hpmA-F  CCAGTGAATTAACGGCAGGT 654
hpmA-R  CGTGCCCAGTAATGGCTAAT

zapA  zapA-F  AACGCAGGTCAGAATGTTCC 553

zapA-R TATCTTGTCCACGACCACCA

(4)PFGE: A1 2 ml 41 it B 77 Wi (CSB) I 15 4 1A
B ZE 4.5 47 [GEANL, B 200 wl 20 B B WA 10 ul
P K, F5 A 200 pl Y 1% Seakem Gold:
19%SDS #il & . JIA 5 ml 40 g 24 4# #% (5 0.1 mg/ml
FHE K), 54 CARIBFEIRTIEE 2 he BEHAIK
PRI 2 K, TE ZZ M P 4% 3 ¥k, AKX 15 min, 50 °C
MRS TR . A 200 pl BEDIAR R P (5 sfi 1 1
50U),50 °C 4 h, 8] A 100 ml ¥ AL TE 55 COFAf
1Y 1% Agarose Gold, & IR &E[# 30 min, HL ¥k HL R A
6 Viem, ik p B [E] 5.0 ~ 50 s, 281k i 46, Uk B[]
20 h, FLUKIRBE 14 C. (GBI EB YL i b, Ye
830 min; FHCA 28 FoK B B8 90 min, SR A
BioNumerics (Version 5.10) %% {4 (Applied Maths
BVBA, Belgium) X} i UK BG4 T80 08 50 B, 15 11 2R
FPPRE

(5) BURLATHT < K TR 7393 2P0 T 5 ml i) LB 3
PR, 37 CHRG T IR, 4% M8 Qiagen 1) Ji k7 $2
i 7] £ (Qiagen Plasmid Mini Kit, 585 12125) i 1
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FARPUTORL . FORIHLTKCR I 1 X TAE BCE. 0.82%H)
BrNEWEIE , PRI FLIN AR5 B i AnifE (invitrogen
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05 ul. 80 VHLTK 4.5 h, EB 444,30 min, XL ZE 7K
J I RGBSR o VK B e b ) JBA 2%
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(1) 44k 1056 - H14320 F1C02011 4545 — 1k
F 5 HAB B RS , 55 4 Bk 19 A A0 Ry &5 R 5
ATCC29906 —3(, HI4320 A7 H,S, HAth bk 247
H,S; CO2011 ) EEMH (SAC) & i 56k BHAE: | oAt b

(2) 250G « AN [F] A VR PR AR 2 Bl 2 SR 25 5%
Horp 3kt & i 2. Fr R Sk f e | sk
o AR FR BT OK R AU . AR 3 B Bk C02034 1)
it 25 de g, %o 11 Fh 2t 25 (6 2) .

K2 obkar BT E AR

BLEZEY)  ATCC29906 HI4320 (05028 C02011 B02005 (02034
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(3)%F Sy BE A - 6 1 B R FH PCR i A B0 41
T ureC «rsmA hpmA zapA 558¢ 1 HE ], R IFIAT T
RRIIFF AR RE T HE A

2. PFGE 431 . R sfi 1 if§ ) PFGE nK; 25 S48
JEAT BB A 3 o i K/INFE 20 ~ 700 kb 11 7 ~
12 4577, FEL UK RIS T8 06T T 98 . 4% P AR 19 PFGE 3%
AR, 2B (E D,

(6 entries)
DICE(Tol 156~ 15%)H>00% $=0.0%) [00%-~1000% ]
PFGE FGE

2 g g 8 Key Gender Species

C05028 Proteus  mirabilis

| HI4320 Proteus mirabilis

1 | | ATCC29906 Proteus mirabilis

“ [ ] i i B02005 Proteus —mirabilis
) C02034 Proteus mirabilis

[N C02011 Proteus mirabilis

1 6RET B TE I H PFGE 25047

3. kLT -

(1) Bk ALK : T BRI A 112910 100 bp Y

KT, CO5028 F7E 2 4N JBTA, 43311244 10 100 bp I

2700 bp, C02034 ££7E3/1™JBTAL, 43511294 10 100 bp |
2700 bp £12 300 bp (1% 2).

M 1 2 3 4

o)
=

— 16210 bp
10 102 bp
8066 bp

16 210 bp
10 102 bp
8 066 bp

3990 bp
2972 bp

2067 bp

VI P

T 1:C02034, 2. ATCC29906, 3: HI4320, 4: C05028,
5:C02011, 6:B02005, M:invitrogen supercoiled DNA ladder

B2 obkar A AT BRIk A

(2) FRLIN T : C05028 1 C02034 1) /1N T kLl 17
7k B ¥ 0N 2 683 bp, 5 Proteus sp. 3M plasmid
p3M-2B, complete sequence (NCBI Reference
Sequence: NC_019374.1) (Y[Rl P51 15 5] 99% % 5
KA 44> ] BERTHIRCEE S HE (ORF) , 705314 gnrD) |
hpl hp2 1 hp3 HHf grrD JE R kg s VR i 245 556 PR
K 645 bp, 5 B WE T IR 2K 245 ) 4 i 245 % 7Y
o hpl  hp2 F hp3 it 4 b 1) £ 1 7E GenBank H?
O R BAT B A R EE 1, B E N IRER T
ORI 2 T A SR I 3.

%

AHIGE WA R R R ) 27 AT AT 3R A AL ARAIE
FEARFMFE, B EA 5 W5 S 3L A ureC . rsmA |
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hp2
gnrD hpl ] /EcoR I hp3
/
i> |§> x > =)
645 bp 183 bp 441 bp 311 bp
C05028
2683 bp

B3 2 ST TR A5 4

hpmA FlzapA. TEJG2E5E rhXTIEE R 100 Z 4R R]
R (LR E R AR RN B iR ) A AR AT 18
PR, >R H PCR i i HLBE Sy 604, % BT RS TR
PRISAFTE R SE 5 ) L . DL SE L PR O S 1
ANREIX S B0 MR AEZOR TR . B T C N X sk
B SR AL, BOE TS 45 A TEAT B 0 L R 4 rhon]
RE I AFAE LA AR S A 35 ) IR, 2 AR s g yh
BEMY R A R — RS

AN TR SF 5 #k 7 PRGE 43 75 FD 25 f 25 SE R T]
HEAHE 0 BORIARLAS 5o LEAE YL i W | 22 & U RN
B ERIAIR T, S F 43 R I TR
HEEMVEH . PFGE &8k 4l & 1% Yo 7 T A T
LR EARR AR AR H PFGE Xt
w2 T o0 8, sfi 1l AT LUK 7 5 28 I AT
Fitg U] 7= A 43 F i R /NEE 20 ~ 700 kb i 7 ~ 12 5%
L [ B EE 43 B AR O AR AS IR A B 43
BIFR) B PFGE 38— 2, B bk & h 23 nl fig &
AT AT R 5 A o B AR S AN AEE 23 B8 11
A S AR TE T 5 B R 19153 25 1 T Pk PFGE [
AT BTE A b B ES 22 SR 5 E A
[] BT AR =2 ] 61 33 A ABL S v B 36 AR — 3K (identical) o
B AT UL, B R B 53 1S 0 AT SR TR AT TR TR bR
ENEIRE i PNy W S Kl W 2 Y N

W KB, A S AR B o AFE S 1~ 34
AR/ R . S5 KB BRI 24924 10 100 bp, HL7E
FITAT B Pk P 3 A7 . 17 C05028 1 C02034 447
TEA 171292 700 bp F/NBURL , I 5 % R, 2 0k
K2 683 bp, A 4 NI HEERGHE , Hoh 645 bp 1 gnrD
FE DR Sy s U R S 245 35 PR, 3 592 2 R TR 1) T 24 4 7Y
L —F, /AT UL TR A7 7E 5 R PR TR 24 A
Koo JEARLA T Y W T B i 25 3 D) gD AR VDT A
it 98 . B AT DA R K i 1 A T b R A HRGE T A A
SEARTE AT B P K PR R A HRGE 7 2012 4F 5 A H
P AT YRR S 51532 H 2002 4 F1 2005 45
VB Z Bk R 0 WA A T R A B K ST B it
AFFFASIEAT R, AL AL i 1547 S AR Y
FFEA AT 250 H 257 5 .

IREE 5 B B RR C02034 #5415 1Y ki £ (31 ,

L 25 P A ot , X MRV RS RN T 2 2 SR D
B ZRNERR) MR (RO (S (B
R RIRER PORER) B-INBIEIET 7R (B 5y
MRV AR SRR 2Y , i S R e o3 2 4
JEOREAL AT RS A RS 245 HE A, IX AT TR E— 2D BIE

ABTTERM, FEAR L GE I A AL 0BT S w UL i) 75
735 IR S 72 JCIE X 0 TR PR A SR UL, E LUR 7 = )
AR R PRI S AR AR I B 51 (AN IRIE AT A1)
(1 B B 5 {2 PFGE FSORL AT 1] X 73 BRI . A
WFTEE A B T 43 S A AT T 1 e v 5 s A7 A 14 o
KL, R 25 R EURPERT SR B T RIS
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